We investigate the informative property of quoting activity, measured by the frequency of price revisions, in the Euro/Dollar foreign exchange market. We use the multivariate double autoregressive conditional Poisson model, designed for time series of count data. We find that dealers' quoting activity reacts to both news announcements and quoting activity of other dealers. Some dealers analyse quoting activity of others to infer useful information like their different reactions to public news announcements. Some of them increase their activity, whilst others decrease it in response to the same news. We attribute this to the heterogeneous interpretation of the news content by individual traders and to the significant influence of some dealers on others.
The quoting activity signal
During the trading period dealers get real time information, through electronic screens, about public news announcements as well as other banks quoting activity. This latter constitutes the only information that a bank has about other banks' quotes. Consequently dealers can try to infer other dealers' private information or reaction to news announcements from their quoting activity. DeGennaro and Shrieves (1997) and Bauwens, Ben Omrane, and Giot (2003) use quoting activity adjusted from its seasonal component as a proxy for private information occurring from customer order flow. Dealers could use two information channels to build their reaction to news events. The first channel takes place directly through the news broadcasters. In such a case dealers react directly to the news announcements without caring about other information sources. The second channel, which could be a source of noise to the first one, is the quoting activity of the other dealers. In the first subsection we present a literature review on news announcements and quoting activity measures. In the second one, we provide a summary of a relatively new literature which has been concerned with the analysis of individual banks. Drawing on this, we formulate the questions that we investigate in the third subsection.
News announcements and quoting activity
News announcements and quoting activity were analysed in several studies. DeGennaro and Shrieves (1997) use three categories of news announcements (scheduled and unscheduled macroeconomic news announcements as well as interest rate reports) and six different periods around the event and analyse their impact on quoting activity. They find a significant effect of all three categories of news, but at different times relative to the announcement. Melvin and Yin (2000) work with a sample of USD/Japanese Yen and USD/Deutche Mark data from December 1993 to April 1995 in hourly data. They take as news variable the number of news events that happen within an hour and do not make any distinctions between different categories of news. They find a significant impact of news on quoting activity, working with deseasonalised variables, and conclude that quoting activity is not self-generating. Evans and Lyons (2003) identify two channels of transmission of macro news to exchange rates: a direct effect and an indirect effect via the order flows. The news variable is the number of news announcements that occur within the period. Identification of the various effects is done by the imposition of orthogonality conditions on the various innovation terms in the model and estimation is carried out using the generalized method of moments (GMM). Changes in midquotes are regressed on order flow with two error terms, one with a constant variance, which represents information directly impounded into prices, another whose variance depends on the number of information events and represents the common knowledge effect of macro news on the exchange rate. The order flow is also the sum of two shocks, one of whose variance depends on news. This shock is interpreted as the indirect effect of news on exchange rates via induced order flow. In order to justify that macroeconomic news affects order flow, Evans and Lyons (2003) mention differences in interpretation of the news or differences in opinion as regards to the impact of the news on the exchange rate. Several studies have taken the number of banks quotes as a proxy for the number of transactions, which is tantamount to assuming that a fixed proportion of posted quotes correspond to actual trades. This assumption has been made, amongst others, by Goodhart and Figliuoli (1991) and Bollerslev and Domowitz (1993) , who prefer to use quote arrival as a proxy for market activity, than transaction volume, because quotes signal a willingness to trade. DeGennaro and Shrieves (1997) use the same assumption, as they consider the seasonal and stochastic parts of quoting activity to be a proxy for the expected and surprise components of market activity. Furthermore, their results are suggestive of the fact that the surprise part of market activity reflects informed trading. Melvin and Yin (2000) have made the same assumption. In the taxonomy of Evans (2002) , different interpretations of the same news are classified as non-common knowledge (NCK) information, as opposed to common knowledge (CK) news, which corresponds to news that is available simultaneously to all market participants and is interpreted in the same way. He considers, instead of an equilibrium price, an equilibrium price distribution. He justifies this by the lack of transparency of currency markets, which makes it possible for several transactions to happen simultaneously at different prices. This can also be understood, if one considers that different dealers have different interpretations of the events that influence the exchange rate. His result suggests that CK news is not the predominant source of long term movements in the exchange rate. In the empirical part, based on prices and order flow, CK and NCK shocks are identified by the assumption that CK news leads to an immediate one-for-one change in the mean of the equilibrium price and have no effect on order flow, whereas NCK news has an impact both on prices and order flow, which may take time.
Inter-dealer Interaction
A relatively new literature has been concerned with the analysis of individual banks. In this strand of the literature papers deal mainly with the identification of price leaders in the market around central bank interventions, but also in normal trading. Peiers (1997) analyses the midquotes of several banks on the Dollar/Mark exchange rate around the European Central Bank interventions using a vector autoregression (VAR) model and Granger causality to identify the price leading bank. The sample of banks includes Deutsche Bank, Société Générale, Chemical Bank, Rabobank, Den Norske and BHF Bank. Deutsche Bank is the first to react, 60 minutes prior to the announcement, followed by other banks, 25 minutes before the announcement. Wang (2001) and Sapp (2002) instead use cointegration analysis. They focus on a small subset of banks and analyse their midquotes with a cointegrated VAR model. The midquotes of all the banks are integrated of order one (I(1)) and they cannot deviate in the long run, which means that they are cointegrated. The number of cointegrating relationships is equal to the number of banks minus one, which means that there is only one stochastic trend driving the system, which can therefore be interpreted as the fundamental market price. Wang (2001) analyses price leadership amongst three leading New York-based dealers on the USD/DEM market: J.P. Morgan, Chemical Bank and Citibank. Sapp (2002) works on the same market and estimates a cointegrated VAR system and deduces measures of information shares, for all the trading period as well as around central bank interventions. This is used to identify the banks whose information share is largest around central bank interventions.
Objectives of this Study
We investigate the simultaneous effect of news announcements and individual banks' quoting activity on the quoting activity of others. We measure quoting activity by the number of quotes in a given interval and we analyse it through a multivariate count model. The object of the study can be summarized in four points. The first one is to study the sensitivity of dealers' quoting activity to some categories of public announcements. Some dealers could increase their quoting activity whilst others could decrease it or keep it unchanged on response to the same news. Raising quoting activity implies boosting quote revision, which increases the price volatility. The second point is to analyse different reactions of banks to the same news announcement. Thus far there has been, to the best of our knowledge, no work on the response of individual banks' quoting activity to news. DeGennaro and Shrieves (1997) regress quoting activity on news and find a significant impact of certain types of news announcements. In our analysis we allow for different responses of individual banks to the same news and we compare the results to those of the aggregate level. The third point is to classify different categories of news announcement into two groups. Using the definitions of CK and NCK suggested by Evans (2002) and following the literature which takes the quoting activity as a proxy for the number of transactions, allows us to classify news announcements according to whether they impact quoting activity or not. If they do not, this means that they can be considered as CK news events, whereas public announcements, that have quoting activity implications, do so maybe because of heterogeneous interpretation by dealers. Indeed some banks might have different degrees of understanding of the same news, which can lead them to act on their anticipations or to stay away from the market, waiting for better-informed banks to act first. The last point consists in demonstrating how dealers observe quoting activity of others to infer useful information like their reaction to public news announcements. If a dealer increases (decreases) his quoting activity following the publication of news this means that he enhances (reduces) his price revision. His response could be biased when he is sensitive to other dealers' reactions. It means that his quoting activity could be amplified in the positive or negative ways. Thus, a public news announcement could have no effect on a dealer's quoting activity maybe because he is sensitive to another one who does not react to the same news. In such a case, quoting activity could be a useful information channel which foreign exchange dealers rely on.
Data and descriptive statistics
We work with a tick-by-tick data set bought from Olsen & Associates for the period August 24 to October 26, 2001 . The data comes from different quoting systems. Until September 10, 2001, the data comes from Reuters, after which it comes from Tenfore Systems. We take into consideration two electronic screens to eliminate the quoting activity bias showed by Goodhart and Demos (1991) (i.e . that all dealers do not conduct their quoting through only one electronic screen, but they choose different ones). We therefore work with two samples of banks during different periods. We selected the most active banks in our sample. Tables 1 and  2 show, that for the first sample, the 4 banks we select cover about 33% of the overall quotes, whereas the 6 banks of the second sample post about 45% of the total number of quotes in the sample. The reason why we focus attention on these banks is that they are the most active dealers in our data and the remaining quotes are posted by a very large number of dealers with a very small contribution. Table 1 and in Table 2 for the second sample. The minimum number of quotes is zero and the mean is generally quite small, which justifies the use of discrete distributions like the Poisson. Moreover, most series are overdispersed (meaning that the variance is larger than the mean), with the exception of BHFX, RABO and OHVA, which are underdispersed. This justifies the use of the double Poisson distribution, since, unlike other count distributions, it allows for both over-and underdispersion. We use the same news announcements as in Bauwens, Ben Omrane, and Giot (2003) and we test the impact of nine categories of news. News announcements, shown in Table 3 are classified into two groups, scheduled and unscheduled announcements. The first group contains US macroeconomic figures, more specifically employment reports, producer and consumer price indices, gross domestic product and other important figures. This group also includes European macroeconomic figures, scheduled speeches of senior officials of the government and of public agencies, such as the president of the Federal Reserve, the European Central Bank and the economy and finance ministers, and US and European interest rate reports. The second group contains forecasts of key institutes and specialized organizations, such as the IMF, the World Bank, and the IFO institute (an influential service-based research organization in Germany). This group also contains declarations of OPEC members, rumors of Central Bank intervention and other extraordinary events (natural disasters, wars, terrorist attacks, etc.). To highlight the effect of the possible 'surprise' contained in the scheduled US macroeconomic figures, we distinguish so-called positive from negative news by computing the difference between the expected and realized values. If the realization is larger than the expectation and it is a figure which contributes to the growth of the economy, the news is classified as positive. If the actual figure indicates worse-than-expected inflation or a slowdown of the economy, it is regarded as negative. This methodology is also used in Andersen, Bollerslev, Diebold, and Vega (2002) , who test the effect of non-anticipated news announcements on currency returns. They conclude that unanticipated events lead to jumps in the conditional mean of currency returns and that negative news have a greater impact than positive news. As can be seen from Table 3 , the total number of news announcements in the first sample is 377, the most frequent type of news event is European macroeconomic figures with 105 events, but there are only 3 occurrences of rumors of central bank interventions. In the second sample, there are 251 events, with 53 speeches of government officials and only 3 rumors of central bank intervention. We compute averages of the quoting activity over 5-minute intervals for all banks and divide them by their cross-sectional average in order to make them comparable across banks. The seasonal patterns are shown in Figure 1 . First of all, we note that the seasonality of the banks in the sample is not the same for all, which is not surprising. BGFX, SGOX, BARL, DREF, SHKH, and UBSZ all start with a small decrease in the morning until 10 AM GMT, and after that quoting activity starts increasing from around 12 PM GMT, which corresponds to the morning on the East Coast of the US, to a peak around 2 or 3 PM GMT, and then the activity decreases until 5 PM GMT, when European offices start to close. SHKH is somewhat different, as it starts the day with an increase, but then its pattern is similar to the one of the other banks. DREF is different from other banks, in that it starts closing earlier, which means that its quoting activity decreases sharply shortly before 4 PM GMT. A similar pattern is observed for other banks, but between 6 and 7 PM for most of them, which is why we chose to stop our sample at 5 PM. The remaining banks (BHFX, RABO, OHVA and OKOH) do not seem to exhibit any particular seasonality over our sample period. This is confirmed for RABO, OHVA and OKOH by the Wald test for joint significance of the seasonality variables shown in Tables 4 and 5 (see Section 4.2 for more details). Furthermore we note that DREF has a particular pattern of diurnal seasonality, with very important spikes on or around the hour, which we are unable to explain.
Models and Results

Modelling quote arrival
In the remainder of the paper we work with the number of quotes of individual banks on the Euro/Dollar exchange market. As the number of quotes for most banks is a relatively small number, usual time series models, based on the normal distribution, are not appropriate. Instead we work with time series models developed specifically for count data. In our sample, the data is not equi-dispersed, but it is under-and overdispersed. In order to model the dispersion in a more flexible way, we work with the double Poisson distribution of Efron (1986) . The multivariate double autoregressive conditional Poisson (MDACP) model assumes that the bank's number of quotes in period t, N i,t , follows a Double Poisson distribution, conditionally on past information:
where F t−1 is the information set generated by the past of the series up to and including time t − 1. The parameters µ i,t and φ i are respectively the mean and the coefficient of dispersion of the Double Poisson. Its conditional variance is equal to
The distribution is over-or underdispersed for values of φ i respectively less or greater than 1. When φ i = 1 the distribution reduces to the equidispersed Poisson. The fact that the conditional mean is autocorrelated leads to some overdispersion, whose magnitude depends on the autoregressive coefficients. Whereas the autocorrelation (present as long as autoregressive coefficients are non-zero) leads to overdispersion, the effect of the double Poisson is to increase or lower this dispersion, leading to either over-or underdispersed models. In most cases, though, the conditional distribution adds to the overdispersion stemming from the autocorrelation to match the overdispersion in the data (see Appendix 1 for details about the double Poisson distribution).
The vector µ t = (µ 1,t , . . . , µ K,t ) of conditional means is assumed to follow the VARMA(1, 1) process
Where A is a full rank matrix of coefficients capturing the impact of the lagged inter-dealers' quoting activity effects, and B is a diagonal matrix of autoregressive coefficients of the own lagged mean. More explicitly, the equation for each mean µ i,t is
We work with a (1, 1) structure for the mean equation, as this is parsimonious and flexible enough.
In order to evaluate the quality of the model, we use tools developed in density forecast evaluation by Diebold, Gunther, and Tay (1998) . The main idea is to use the cumulative distribution of the data under the estimated density and to check whether this is uniformly distributed, as it should be according to the probability integral transformation theorem (PITT) of Fisher (1932) . The assumptions of the theorem are that the density is continuous, which is violated in the case of counts. We explain in the Appendix 2, how we deal with this problem using continuousation.
We also test the standardised residuals
for autocorrelation, which would indicate a failure of the model to capture the dynamics of the series, and for deviation of their variance from one, which would indicate misspecification of the dispersion.
We are interested in analysing the impact of news announcements on individual banks' quoting activity, allowing for diurnal seasonality. The news variables take the form of dummies d j,t , i = 1, . . . , K, j = 1, . . . , 9. for the presence of a certain announcement. The seasonality is modelled using the Fourier Flexible Form (FFF) introduced in the foreign exchange literature by Andersen and Bollerslev (1998) at daily, half daily and hourly frequencies. We modify the conditional mean in the following manner to include these exogenous regressors:
where Re [t, T ] is the remainder of the integer division of t by T , the number of periods in a trading session. The way we include the regressors separates the autoregressive part from the effect of seasonality and news, and this functional form guarantees the positivity of the conditional mean.
Results
Estimation results are presented in Tables 4 and 5 . We estimate the model by the maximum likelihood method with the Newey-West (HAC) standard errors. There is evidence of diurnal seasonality in the activity of all banks except three (see Section3. The three pairs of trigonometric function at the daily, half-daily and hourly frequency are always jointly significant. The effect of news announcements is generally significant for all banks, as can be seen from a Wald test of the joint significance of all announcement. What the dummy variables results of individual banks show clearly, is that their reaction to the same news announcements is different. There is variation across banks, both in whether or not they react to a certain category of news and in the way they react to it, by increasing or decreasing their activity. Again, the use of the double Poisson is justified by the fact that we have estimated both overdispersed distributions (the majority of them) and some underdispersed distributions. The variance of the standardized residual is within a few percent of one for nearly all other banks, except OKOH, which means that the dispersion is well captured. Upon closer inspection of its time series, we can see that there seems to be a change of regime in OKOH, which went from heavy quoting to lower levels of activity after October 8, 2001. The autocorrelations of the standardized errors of BARL and UBSZ, shown as representative example in Figure 2 , are often on the confidence band. However, some autocorrelations are a little outside of the bands, resulting in significant Q-statistics (the sample size is large). Nevertheless, the Q-statistics are very significantly reduced, compared to the raw data, even though they are still significant. Another way of testing the specification is to look at the density forecast tools. The probability integral transforms Z (PIT) of the data under the estimated distributions should be uncorrelated and uniformly distributed. Figure 3 shows the quantile plot of Z, which is very close to the 45-degree line for six banks, shown as examples. For both samples of banks, it seems that at least one type of scheduled news event has an impact on every bank, except for OHVA. Positive and negative surprises in U.S. and European figures (respectively η 1 , η 2 and η 3 ) seem to have the most important effect. This is in line with the findings of Andersen, Bollerslev, Diebold, and Vega (2002) , that macroeconomic surprises have the most significant impact on the level of the exchange rate. According to Evans (2002) , these types of announcements are therefore NCK news, as they impact order flow. Given that they are simultaneously received by all dealers, it has to be the case that they are interpreted differently. A lot of banks react to the first three scheduled news announcements. In particular DREF and SGOX increase their activity as a response to US and European macroeconomic figures, RABO and OKOH decrease it as a response to US figures but increase it to react to European figures. On the other hand, banks like BHFX, RABO and SHKH reduce their quoting in response to US figures. However, speeches of senior officials of the government (η 4 ) seem to pertain to the category of CK news, given that this variable is not significant for any bank. It could of course also be that this variable simply does not have any informational content, as perceived by foreign exchange dealers, but Bauwens, Ben Omrane, and Giot (2003) find that it has an impact on volatility, which is significant at the 1% level. The remaining unscheduled news (η 6 , η 7 , η 8 and η 9 ) hardly affects banks' quoting activity and we can thus consider them as CK news, unless markets don't regard them to be very informative at all. Table 6 shows for every type of announcement the result of a Wald test of the null hypothesis that the announcement impacts all banks in the same way. The results show that US and European macroeconomic figures affect banks differently in both samples, whereas interest rate reports are only significantly different in sample 2. The remaining announcements have impacts on different banks that are not significantly different, which is not a surprise since the latter announcements are much less significant in general. In addition, we estimate a DACP (i.e. equation (4.4) when α j = 0 for i = j) on the same banks' quoting activity and we find almost the same estimated dummy's coefficients as for the MDACP. Which allows to make a comparison between the two models' estimated dummy's coefficients. Thus, we estimate a DACP on aggregate quoting activity, as well as the quoting of the remaining banks of the sample (respectively "Aggregate" and "Rest" in tables 4 and 5) on the same seasonality variables with an ARMA(1,1) structure and the samples of our two groups of banks (both in terms of the period of the year and the trading hours). We find, for instance in the case of positive US macroeconomic figures, that there are both increases and decreases in quoting activity of individual dealers, which seem to offset each other and explain the lack of significance at the aggregate level. Another example is European and US interest rate reports, which are significant for three banks of sample 2, but not at the aggregate level. However, in the case of negative US and European macroeconomic figures, there are both increases and decreases in activity, but the increases seem to dominate at the aggregate level. This is strong evidence that aggregate analysis of quoting activity can miss the point. In some cases, even though there is no aggregate impact of news on quoting activity, individual banks do respond, but their responses can offset each other, and in other cases, a positive coefficient at the aggregate level can conceal a less unified picture at the level of individual dealers. With regard to dealers interactions, the covariance matrix for Pearson residuals, constructed through banks quoting activity estimation, show the existence of a contemporaneous correlations between banks. Moreover, the results in Tables 4 and 5 show that banks' dealer react to each other. The quoting activity of each dealer increases or decreases in response to the lagged activity of some other dealers. However, there are some banks that do not manifest any reaction toward other banks. In sample 1 each bank quoting activity is sensitive to at least one other bank quotes. In sample 2, however, at least three bank quotes have a significant impact on each dealers' quotes. This supports the hypothesis that some dealers watch some influent dealers quoting activity to infer useful information. Combining the results related to the dealer quoting activity sensitivity to both news announcements and the quoting activity of some other dealers, we confirm the general hypothesis that quoting activity provides an important informative signal. In event periods, dealers watch some other dealers quoting activity to infer their reaction to news announcements and then react immediately or afterwards.
Conclusion
In this paper we show that foreign exchange dealers' quoting activity presents a significant informative signal to overall market participants. By looking at a sample of major dealers on the Euro/Dollar exchange rate, we offer prima facie evidence of the fact that firstly, bank dealers' quoting activity reacts differently to the same news announcements, and that there is heterogeneity of reaction. Secondly, bank dealers' quoting activity is affected by the one of some others. This means that dealers observe the frequency of price revision of other dealers in order to infer some useful information. This supports the view that even in the face of public news announcements, banks react differently, possibly because of their divergent interpretations of the implications of the news for the exchange rate or because of the presence of some dealers who manifest certain mimetic initiatives.
Appendix 1: The double Poisson distribution
The double Poisson distribution, for the integer valued positive random variable y, has the following expression: f (y/µ, φ) is not strictly speaking a distribution, since the probabilities don't add up to 1, but Efron (1986) shows that the value of the multiplicative constant c(µ, φ), which makes it into a real density is very close to 1 and varies little across values of the dependent variable. He also suggests an approximation for this constant:
Furthermore he suggests maximising the approximate likelihood (leaving out the highly nonlinear multiplicative constant) in order to estimate the parameters and using the correction factor when making probability statements using the density.
Appendix 2: Discrete distributions and PITT
The problem with discrete distributions is that the probability integral transformation theorem (PITT) of Fisher (1932) does not apply, and the uniformity assumption does not hold, regardless of the quality of the specification of the marginal model. The PITT states that if Y is a continuous variable, with cumulative distribution F , then
is uniformly distributed on [0, 1]. Denuit and Lambert (2002) use a continuousation argument to overcome these difficulties and apply copulas with discrete marginals. The main idea of continuousation is to create a new random variable Y * by adding to a discrete variable Y a continuous variable U valued in [0, 1], independent of Y , with a strictly increasing cdf, sharing no parameter with the distribution of Y , such as the uniform on [0, 1] for instance:
As can be seen, knowing the value of Y * , which is the new continuous variable, is equivalent to knowing the value of the underlying count. If Y * = 4.38275629, then we know that Y = 5. Hence we do not lose any information by creating this new variable. Using continuousation, Denuit and Lambert (2002) state a discrete analog of the PITT. If Y is a discrete random variable with domain χ, in N, such that f y = P (Y = y), y ∈ χ, continuoused by U, then In this paper, we use the continuoused version of the probability integral transformation in order to test the correct specification of the marginal models. If the marginal models are well-specified, then Z * , the PIT of the series under the estimated distribution and after continuousation, is uniformly distributed. 
where K is the number of banks. The seasonality parameter estimates are not reported, but we show the Wald test W (ψ s = 0) for joint significance of all the seasonality variables. W (η j = 0) is the Wald statistic for the null hypothesis that all nine announcements are jointly non-significant, V ar(εt) is the variance of the Pearson residual, and Q(10) is the Ljung-Box statistic of order 10 of the residuals. Estimation was done by the maximum likelihood method with Newey-West HAC standard errors. P-values are into parenthesis. Estimates that are significant at the 1% and 5% level are indicated by two and one star respectively, and they appear in bold font. This figure presents the quantile plot of the Z statistic of individual banks. This statistic is defined as the probability integral transform of the original data under the estimated density, in our case, the double Poisson: Z t = F * (N t , µ t ), see Appendix 2 for more details.
